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The Viscosity of Aqueous Solutions of Chlorides,
Bromides, and Iodides. By W. W. Taylor, M.A., D.Sc,
and Clerk Ran ken, B.Sc. Communicated by Professor
CRUM BROWN.

(Read March 21, 1904.)

In a recent investigation on the aluminium anode, by one of us,
in conjunction with Inglis,* a striking difference was found
between chloride and bromide during some preliminary experiments
on the rate of solution of aluminium in sulphuric acid: —
addition of a small quantity of potassium chloride to the sulphuric
acid greatly increased the rate of evolution of hydrogen, but
addition of an equivalent quantity of potassium bromide, under
the same conditions, appeared to have no effect at all. Subsequent
investigation, not yet completed, has shown that, under similar
conditions and with solutions of pure hydrochloric acid and
hydrobromic acid which are isohydric (have the same concentration
of H"), the rate of evolution of hydrogen from hydrochloric acid is
about thirty times as great as from hydrobromic acid. No experi-
ments have yet been made with hydriodic acid.

Such marked differences between chloride and bromide are by
no means common; so far as we are aware, the only one previously
recorded is by Ostwald,t that chloride, bromide, and iodide have
very different effect on the periodic dissolution of chromium in
acids. Another interesting instance has since been found by Elbs
and Niibling j—that with a lead anode and hydrochloric acid as
electrolyte, a compound of quadrivalent lead is formed; but that
when hydrobromic acid or hydriodic acid is the electrolyte, no
similar compound is formed. It is a curious circumstance that in
each of these cases the reaction is one which takes place at the

* Phil. Mag. (6), 5, p. 312 (1903).
\ Zeit.fiir Phys. Chem., 05, pp. 33, 204 (1900) ; 38, p. 441 (1901).
X Ze.it. fur Elektrochemie, ix. p. 776 (1903).
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surface of a metal in contact with a solution. In the paper on

the Aluminium Anode (loc. cit.) it is suggested that the permeability

of the surface film of aluminium hydroxide by Cl' and imperme-

ability by SO4" is the cause of the differences observed between

hydrochloric acid and sulphuric acid ; and if this be so, differ-

ences of permeability by Cl', Br', and I' are to be expected.

As it seemed probable that similar differences might manifest

themselves in other physical properties, we decided to determine

the relative viscosity of solutions of chloride, bromide, and iodide

under various conditions of temperature and concentration. The

viscosity of solutions of potassium chloride has been determined

many times at one temperature (17° or 25° C.) and one concen-

tration (usually 1 n). Sprung * determined the viscosity of

potassium chloride, bromide, and iodide over a considerable range

of temperature (5° C. to 50° C), but at only two concentrations of

chloride, and the other solutions were not at comparable concen-

trations. Wagner t also made determinations of viscosity of

hydrochloric acid at various concentrations and temperatures.

Their results are referred to later on.

EXPERIMENTAL.

The potassium chloride and bromide were purified by repeated

precipitation from hot aqueous solution by addition of ethyl

alcohol; the iodide was twice recrystallised from water. The

hydrobromic acid was made by the direct union of hydrogen and

bromine in contact with hot platinised tile, the gas absorbed in

water, and the solution redistilled; no rubber or cork joints were

used in the apparatus, so that the bromine and acid never came in

contact with organic matter. The most concentrated solutions of

the salts were made up by weight, and the others were prepared

from them by dilution; the concentration of each solution was

further checked by titration with silver nitrate. The concen-

trations of the acid solutions were ascertained by titration with

barium hydroxide solution.

The densities were determined by means of an Ostwald-Sprengel

pyknometer. The viscosity apparatus used is the form figured

* Pogg. Ann., 159, p. 1 (1876). t Wied. Ann., 18, p. 259 (1883).
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and described in Ostwald-Luther {Phys. Chem. Messungen,
p. 260). In every experiment the time of flow was observed
six or seven times and the mean of all the readings taken; also,
in many cases duplicate determinations were made, but no
difference in the mean result was obtained except at 0° C, where
a difference of 0'l-0-2 sec. in 150 sec. were obtained; the times
were measured by means of a stop-watch, giving 0'2 sec.

In every case the viscosity of the solution is referred to the
viscosity of water at 0° C. as unit = 1; for convenience of com-
parison, the viscosity of water at the temperature of experiment is
added. The temperature at 15° and 25° did not vary 0-1°, but
the low temperature varied between 0-1° and 0-15°, and the data
are corrected to 0° C. We made determinations of the relative
viscosity of water with each of the three tubes used in the other
experiments, and the results given below are the means of all the
five values obtained at each temperature :—

o°c. 1-000
1-000

1-000

15° 0-6395
0-638

0-637

25° 0-501
0-501

0-500

(Thorpe and
Rodger).*

(Hosking).j

TABLE I.—Potassium Chloride.

Temp.

15°

25°

Mol. per
litre. Density.

1-0480
1-0935
1-1371

1-0455
1-0901
1-1333

1-0433
V0877
1-1295

Viscosity.

0-931
•886
•880

Viscosity of
Water.

1-000

•622
•615
•625

0-640

•502
•507
•517

0-501

* Phil. Trans., 185, p. 397 (1894).
t Phil. Mag. (5), 49, p. 274 (1900).
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TABLE II.—Potassium Bromide.

Temp.

0°

15°

25°

Mol. per
litre.

1
2
3

2
3

1
2
3

Density.

1-0858
1-1692
1-2521

1-0831
11662
1-2453

1-0804
1 -1623
1-2413

Viscosity.

0-911
•837

s -815

•601
•585
•582

•483
•477
•486

Viscosity of
Water.

1-000

0-640

0-501

TABLE III.—Potassium Iodide.

0°

15°

25°

1
2
3

1
2
3

1
2
3

Density.

1-1212
1-2415
1-3621

1-1188
1-2365
1-3552

1-1159
1 -2323
1-3499

Viscosity.

0-854
•778
•748

•583
•552
•544

•467
•458
•459

Viscosity of
Water.

1-000

0-640

0-501
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TABLE IV.—Hydrochloric Acid.

Temp.

0°

15

25"

Mol. per
litre.

1
2

9

3

1
2
3

Density.

1-0160
1-0327
1-0489

1-0144
1 -0303
1-0454

1 -0123
1-0278
1-0426

Viscosity.

1-020
1-041
1-059

0-667
•695
•725

•529
"557
•585

Viscosity of
Water.

1-000

0-640

0-501

Temp.

15°

25°

TABLE V.—Hydrobromic Acid.

Mol. per
litre. Density.

1 -0530
1-1052
1-1540

1-0512
1-1020
1-1495

1-0489
1-0990
1-1460

Viscosity.

0987
•970
•962

•650
•657
•671

•514
•529
•544

Viscosity of
Water.

1-000

0-640

0-501

RESULTS.

In the first place, it mav be pointed out that the value we have
obtained for 1 n KC1 solution at 25° is slightly greater than the
viscosity of water at that temperature, whereas it is generally
stated to be less than water; the value for 17 -6° C. (interpolated
between 15° and 25°) agrees extremely well with that given by
Arrhenius. A certain amount of confusion has arisen regarding
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various determinations of these data: e.g. Rudorf * gives a table
comparing the data for various salt solutions by Abegg,t
Arrhenius, \ and Reyher, § stated to be for 25°; whereas Reyher's
alone are for that temperature, those of Arrhenius were for
17-6° C, and those of Abegg apparently for 15° or 16". It is not
surprising that the data do not show good agreement.

10

•8

0° 5° 10° 15" 20°
F I G . 1. —Concentration of solutions 1 mol. per litre.

25°

The results contained in the above tables show that there is a
considerable difference between chloride, bromide, and iodide, not
only at any one temperature and concentration, but especially
in the effect of variation of temperature and concentration on
the viscosity. The experiments have, unfortunately, not been
extended over a sufficient range of temperature and concentration

Zeit.f. Phys. Chern., 43, p. 257 (1903).
Ibid., 1, p. 296 (1887).

+ Ibid., 11, p. 248 (1893).
§ Ibid., 2, p. 744 (1888).
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to warrant general conclusions, but some points worthy of notice
may be referred to.

The Efect of Temperature.—In every case the viscosity decreases
with increase of temperature, but at different rates for the three
salts, the rate for chloride being greatest and iodide the smallest.

1-0-

_L
0° 5° 10° 15° 20° 25°

F I G . 2.—Concentration of solutions 2 mols. per litre.

It will be noticed, too, that' a solution can at one temperature
exhibit "negative viscosity,"* and "positive" viscosity at
another; e.g. potassium chloride at each of the three concentrations
is "positive "at 25° C. and "negative" at 15° C, while all the

* The term " negative viscosity " has been frequently employed to express
the fact that the viscosity of the solution is less than that of the pure solvent
at the same temperature.
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solutions of hydrobromic acid are "positive" at 15° C. and

"negative " at 0° C. (of. figs. 1, 2, 3).

Another effect of temperature is well seen in fig. 4, in which,

for the purpose of comparison, the viscosity of water at each

temperature is shown by a thick black line. At 0° hydrochloric

acid alone has viscosity greater than that of water at all con-

centrations, at 15° the viscosity of hydrochloric acid and hydro-

II -

10

•5

•A-
0° 5° 10" 15° 20°

F I G . 3. —Concentration of solutions 3 mols. per litre.

25"

bromic acid is greater than that of water, while at 25° potassium

bromide and iodide still have viscosity smaller than that of

water, but the one normal solution of potassium chloride has

practically the same viscosity as water, though at all three con-

centrations it is greater than that of water. Sprung (loc. cit.)

has shown that at higher temperatures the viscosity of the

concentrated solutions becomes greater than that of water.
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Effect of Concentration.—The effect of concentration on the
viscosity depends very much on the temperature, as is seen in fig 4.
The viscosity of hydrochloric acid increases with increase of con-
centration at all three temperatures; this is in accord with
Wagner's results {loc. cit.).

Increase of concentration increases the viscosity of hydrobromic
acid at 25° and 15°, hut decreases it at 0° C. In the case of the

Viscosity of H20 at 0°

of H20 at 15°
Kcl.

25°

:SE
KBr

Concentration tm. 2m. 3m.

FIG. 4. —Effect of concentration at different temperatures.

salts the viscosity decreases at 0° with increase of concentration,
at 15° bromide and iodide still decrease, while chloride passes
through a minimum ; and at 25° chloride increases, while bromide
and iodide pass through a minimum. This is in agreement with
Sprung's * conclusions, qualitatively at least, as will be seen by com-

* Loc. cit.
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parison of his curves ; * it is plain, however, that experiments over
a much wider range of concentration are required before any
satisfactory conclusions can be reached.

ELECTRIC CONDUCTIVITY AT 0° C.

The equivalent conductivities of dilute solutions of chloride,
bromide, iodide of a metal are practically the same at 18" C, though
concentrated solutions do show small differences. In order to see
if greater differences exist at a lower- temperature, we have deter-
mined the conductivity of all the solutions employed in the
viscosity experiments at 0° C. The method was the usual
Kohlrausch alternating current method, with bridge and telephone.
The results are corrected for the slight variations in temperature,
and the cell constant was determined by means of the value at 0° C.
of 1 n KG, as given in Kohlrausch {Leitvermogen, p. 204).

Whetham t has recently determined the conductivity of a
number of solutions at 0° C, potassium chloride being one of them :
for 1 n KC1 (1"2 n was the most concentrated solution employed)
he found A = 69-0. There is also in Kohlrausch (Leitvermogen, p.
199) a table of temperature coefficients of conductivity for dilute
solutions of HC1, KC1, KI, as determined by Deguisne.

KC1

KBr

KI

HC1

HBr

* These are viscosity-percentage concentration curves, and are not compar-
able, as are viscosity-molecular concentration curves,

t Proc. Roy. Soc, 71, p. 332 (1903).

TABLE

Mol. per litre.
1
2
3
1
2
3
1
2
3
1
2
3
1
2
3

VI.
Equivalent conductivity.

65-4
63-1
62-4
68-3
67-6
65-8
70-0
69-5
68-0

187-0
165-7
143-5
203-0
175-0
148-3
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The differences between the conductivity at 0° C. of equivalent
solutions of KC1, KBr, and KI are very similar to the differences
at 18° C. (cf. Kohlrausch,—Leitverrnb'gen).

An explanation of the equal mobility of Cl', Br', and I' has
been suggested—that molecules of the solvent may be associated
with an ion; that the number of molecules associated depends
on the electro-affinity of the ions ; and in this case the difference
in number of molecules associated with Cl', Br, and I' causes the
mobilities to be the same. -The formation of complexes is also
referred to the electro-affinity of the element.* Some influence of
this might be expected in the viscosities of the solutions ; but
whether the differences observed, especially with variation of
temperature, are to be connected with this, it is not possible to say;
we have worked with concentrated solutions only, and possibly
dilute solutions would be better for this purpose.

SUMMARY.

1. We have determined the relative viscosity of aqueous solu-
tions of KC1, KBr, KI, HC1, HBr at 0°, 15°, and 25° C.; and at
concentrations of 1 mol., 2 mol., and 3 mol. per litre. Also the
equivalent conductivity of the same solutions at 0° C.

2. The change of viscosity with change of temperature dimin-
ishes from Cl-Br-I.

3. The effect of concentration on the viscosity depends on the
temperature: it may affect the viscosity in opposite directions at
different temperatures.

4. There are considerable differences in viscosity of chloride,
bromide, and iodide, and especially in the effect of changes in con-
centration and temperature.

* Cf. Abegg and Bodliinder, Zeit.f. ancrcj. ehem., 20, p. 453 (1899), and
Baur, Ahren's Saminlung chem. u. chem. tech., "Vortrage viii. No 12(1903).

(Issued separately June 16, 1904.)
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